† Background Transglutaminases have been studied in plants since 1987 in investigations aimed at interpreting some of the molecular mechanisms by which polyamines affect growth and differentiation. Transglutaminases are a widely distributed enzyme family catalysing a myriad of biological reactions in animals. In plants, the post-translational modification of proteins by polyamines forming inter-or intra-molecular cross-links has been the main transglutaminase reaction studied. † Characteristics of Plant Transglutaminases The few plant transglutaminases sequenced so far have little sequence homology with the best-known animal enzymes, except for the catalytic triad; however, they share a possible structural homology. Proofs of their catalytic activity are: (a) their ability to produce glutamyl-polyamine derivatives; (b) their recognition by animal transglutaminase antibodies; and (c) biochemical features such as calcium-dependency, etc. However, many of their fundamental biochemical and physiological properties still remain elusive. † Transglutaminase Activity is Ubiquitous It has been detected in algae and in angiosperms in different organs and sub-cellular compartments, chloroplasts being the best-studied organelles. † Possible Roles Possible roles concern the structural modification of specific protein substrates. In chloroplasts, transglutaminases appear to stabilize the photosynthetic complexes and Rubisco, being regulated by light and other factors, and possibly exerting a positive effect on photosynthesis and photo-protection. In the cytosol, they modify cytoskeletal proteins. Preliminary reports suggest an involvement in the cell wall construction/organization. Other roles appear to be related to fertilization, abiotic and biotic stresses, senescence and programmed cell death, including the hypersensitive reaction. † Conclusions The widespread occurrence of transglutaminases activity in all organs and cell compartments studied suggests a relevance for their still incompletely defined physiological roles. At present, it is not possible to classify this enzyme family in plants owing to the scarcity of information on genes encoding them.
INTRODUCTION

Why transglutaminases (TGases) have been studied in plants
The growth of plants is regulated by a cohort of environmental and internal factors, among which polyamines (PAs), essential juvenilation growth substances in all living organisms, regulate organogenesis and cell proliferation in higher plants and algae, apical growth of pollen, dormancy break as well as senescence and homeostatic adjustments in response to external stimuli and stresses. The first report on PA effects on plant growth was by Bertossi et al. (1965) in Helianthus tuberosus dormant tubers and further confirmed in several other plants. The molecular mechanism of action of PAs is only partially known. These amines are present in free and bound form. The increasing interest in the possible role of TGase in plants was due to its well-known ability to bind PAs covalently to some animal proteins (Beninati and Folk, 1988) , thus modifying their structure and favouring the formation of nets resistant to mechanical stress and proteolysis (Martinet et al., 1990) .
What are TGases?
Fifty years ago a transamidating activity was described in the liver and attributed to TGase (Fig. 1) . Thereafter many reports showed that the enzyme family responsible for this activity is widespread in micro-organisms, plants, invertebrates and vertebrates (Folk, 1980; Lorand and Graham, 2003; Del Duca and Serafini-Fracassini, 2005) . These enzymes catalyse the post-translational modification of proteins by forming stable intra-and inter-molecular bridges between a mid-chain glutamine residue and either a lysine residue or a free PA (Fig. 2) ; they have thus been called 'biological glues' (Griffin et al., 2002) .
In animals, nine TGase isoenzymes (EC 2.3.2.13), have been identified at genomic level, but only six have been isolated and characterized at protein level. The best known are the ubiquitous type 2 tissue TGase (tTGase) and a plasma factor XIIIa (involved in the stabilization of fibrin clots) which becomes active only after proteolysis. Since its first description as an enzyme capable of calcium-dependent transamidation (Folk, 1980) (Fig. 1) , tTGase has been attributed an increasing number of other biochemical capacities (Lorand and Graham, 2003) . This enzyme is located both intra-(cytosol, mitochondria, nucleus) and extra-cellularly in the matrix where it appears to be involved in differentiation, transmembrane signalling, cell adhesion, organization of the extracellular matrix, and pro-and anti-apoptotic roles (Mukherjee et al., 1995; Lentini et al., 2004) .
TRANSGLUTAMINASE DISTRIBUTION AND PROPERTIES IN PLANTS
TGases in plants
Twenty years ago the presence of a TGase activity was reported in higher plants. Despite the identification of g-glutamyl-PA derivatives and the immuno-reactivity by
TGase animal antibodies and other characteristics, research on plant TGases has been hampered by difficulties encountered in their purification and by the lack of significant amino acid sequence homologies between animal TGases and the polypeptides reported in the available plant databanks. A more recent computational analysis identified, in Arabidopsis thaliana, the presence of only one gene, , which causes a conformational change in the enzyme, allowing the access of the substrate to the binding site.
Step 1: the active Ca 2þ -stabilized conformation of the enzyme forms a covalent intermediate between the active site thiol residue and a glutamyl residue in the protein substrate, releasing ammonia and activating the glutamine acyl moiety.
Step 2: the active thioester undergoes an acyl transfer to a primary amine, in this case a polyamine, thus also introducing extra positive charges as PAs are protonated at physiological pH [or (not shown) to the lysyl residue of another protein]. A secondary cross-link might form between the free amine group of the bound polyamine and a glutamyl residue in another protein substrate thus forming bis-(g-glutamyl)-PA derivatives (see Fig. 2 ). E, Transglutaminase; C, cysteine residue; PA, polyamine; P, protein substrate of transglutaminase; Q, glutamine residue.
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Protein crosslinking e -(g -glutamyl) -Iysine The formation of mono-derivatives of PAs (the 'cationization' of a protein), although not relevant to the thermodynamic properties of the side-chain, causes a very relevant shift in the protein's solubility, stability and conformation, and affects its interaction with other molecules. (C) Glu (former Gln) and Lys residues covalently bound by transglutaminase, forming a cross-link shorter than that formed with PAs.
AtPng1p, which encodes a putative N-glycanase containing the Cys-His- Analyses of g-glutamyl derivatives revealed that the purified recombinant AtPng1p gene product acts as a TGase, having a Ca 2þ -and GTP-dependent transamidase activity. This was the first plant protein, isolated and characterized at the molecular level, displaying a TGase activity whose parameters agree with those typically exhibited by animal TGases. A structural comparison between the model of this protein and the crystal of factor XIII showed a considerable homology (Tasco et al., 2003) . Despite having an amino acid sequence different from those of known animal TGases, with the exception of the active-site triad, AtPng1p shares with them immunological and biochemical properties and possibly an overall similar conformation, probably being a TGase with a different but convergent phylogenetic history. The presence of TGases in plants is further confirmed by the following data reported by several authors, except for point (e), in all plants assayed:
(a) finding of typical products of its catalysis, e.g. glutamyl-PA derivatives; (b) observation that specific animal or synthetic TGase substrates undergo amine conjugation in the presence of plant extracts; (c) dose-dependent Ca 2þ activation and inhibition by EGTA or EDTA of the activity; (d) immuno-recognition by antibodies raised against TGases of animal origin; (e) inhibition of the activity by active-site-specific inhibitors generated against animal TGases (Carvajal-Vallejos et al., 2007); (f ) presence of a Cys in its active centre.
A putative TGase of 58 kDa was isolated from Helianthus thylakoids (Dondini, 1998) . On this basis, two related cDNAs were cloned whose transcript is expressed mainly in young leaves and differentiated Zea mays callus under light exposure. This transcript has high homology with some Oryza expressed sequence tags and may be related to the AtPng1p, reported above, as well as to two Streptomyces TGases (Villalobos et al., 2004) .
More recently, a pear TGase was sequenced, which showed a homology of 76 % with the Arabidopsis AtPng1p and of 99 % with an apple expressed sequence tag (Di .
TGases are located in various organs of plants
Meristems. Accomplishment of the cell-cycle, both in plants and animals, requires PAs, and a TGase activity was detected in dividing cells of apical meristems of stems and during the synchronous cell-cycle of parenchyma of Helianthus tuberosus tubers (Icekson and Apelbaum, 1987; Mossetti et al., 1987; Serafini-Fracassini et al., 1988) by immunodetection with animal TGase antibodies or by its transamidase activity, which was found to be low in the early G 1 phase and gradually to increase later on until the S phase (Del Duca and Serafini-Fracassini, 2005) ; in parallel, PA conjugation to high-M r protein increased (Del Duca et al., 2000a) .
Mature vegetative organs. A comparative study of TGase activity and substrates in leaves, tubers, sprouts and flower buds of Helianthus revealed that this enzyme is widespread and that in the same organ multiple enzyme forms are present (Del Duca and Serafini-Fracassini, 2005) . Lilley et al. (1998) detected a TGase activity in roots and shoots of dicotyledonous (pea and broad bean) and monocotyledonous (wheat and barley) plantlets. Roots exhibited a higher specific activity than leaves of the same age. In the root, TGase activity was present during early growth and development but afterwards decreased, while it was present in both developing and mature leaves.
Seeds. In seeds of Glycine the conjugation of PAs took place preferentially in the protein bodies during germination, where it was much higher than in the leaves (Kang and Cho, 1996) .
Flower petals. TGase activity was also found in sterile (petals) and fertile (pollen) flower parts. A Ca 2þ -dependent transamidase activity was measured and deduced to be capable of TGase catalysis on the basis of recovery of glutamyl-PA derivatives in the corolla of Nicotiana tabacum flowers (Serafini-Fracassini et al., 2002) . The high concentrations of bis-g-glutamyl-putrescine (bis-PU) (at all stages) and of bis-g-glutamyl-spermidine (bis-SD) (highest during development and when the corolla changes its shape to favour pollination) could be mainly related to the strengthening of the corolla cell walls, as discussed below.
Pollen. In apple pollen-tubes, a Ca 2þ -dependent TGase activity has been found both intracellularly and extracellularly. The intracellular TGase activity catalysed the incorporation of PAs into a-tubulin and actin monomers and relatively high-M r complexes (Del Duca et al., 1997) (Fig. 3) .
The problem of incompatibility in reproduction
The success of reproduction is dependent on the compatibility between the male and female partners. The selfincompatibility (SI) response is a species-specific and genetically controlled mechanism. In the Rosaceae, glycoproteins, encoded by the stylar S locus, showing ribonuclease (S-RNase) activity regulate this molecular mechanism whereas the putative pollen determinants still need to be identified. The cytoskeleton involvement in SI phenomena is so far solely reported in incompatible Papaver tubes, where F-actin foci are formed by an uncharacterized cross-linking mechanism that blocks tube elongation, causing tube PCD. Nevertheless Di reported that in the self-pollinated style (incompatible system) of the Rosaceae, the activity of TGase is higher than in the style pollinated with compatible pollen; moreover, high-mass aggregates of tubulin and punctuate aggregates of actin were also observed, suggesting a role for the cytoskeleton in SI. In vitro experiments with purified pollen TGase and purified actin and tubulin, have shown that the inhibition of tube growth in incompatible crosses might be mediated by an abnormal cytoskeletal reorganization caused by TGase-generated cross-linked protein networks.
Is TGase widely located in the cell wall?
The extracellular TGase observed either at the apical or the proximal parts of the pollen-tube, and on the surface of the grain, by laser confocal microscopy (Iorio et al., 2008) plays an essential role in apple pollen-tube growth, as suggested by the arrest of tube elongation by TGase inhibitors.
Promising research suggests an involvement of this TGase in the interaction between pollen-tube and stylar cells in the extracellular matrix (D. Serafini-Fracassini et al., unpubl. res.) .
It may be envisaged that TGases play a structural role in the organization of the cell wall of other cell types of higher plants. Indirect evidence of an interconnection between cell wall proteins and polysaccharides was obtained by the digestion of Helianthus parenchyma cells by cellulase and pectinase, which caused the disaggregation of high-mass PA-conjugated proteins (Del Duca and Serafini-Fracassini, 2005) . A clear confirmation was obtained, in isolated cell walls of Nicotiana petals, by detection of TGase immuno-reactivity by western blotting and catalytic activity (Della Mea et al., 2007) and by the immunodetection of TGase by confocal microscopy when the corolla becomes more rigid (G. Cai, University of Siena, Italy; pers. comm.) (Fig. 3) .
In lower plants, TGase activity affects the cell wall in the alga Chlamydomonas reinhardtii (Waffenschmidt et al., 1999 ). An early TGase activity catalyses the formation of a 'soft envelope', which organizes the selfassembly of glycoproteins and an oxidative cross-linking In chloroplasts, some transglutaminases of different molecular mass have been found both in the stroma, where the substrate is Rubisco, and in thylakoids, where the substrates are mainly the light-harvesting complexes (LHCII). The enzyme is also present in the cytosol, where tubulin and actin have been identified as substrates. The occurrence in the microsomal fraction and in the cell wall of TGases of the same molecular mass suggests the hypothesis that the enzyme was secreted through Golgi vesicles into the cell wall, where polyamines, known to be present, might be conjugated to various unidentified structural or enzymatic wall proteins.
reaction renders the wall insoluble. Chlamydomonas secretes an extracellular 72-kDa TGase, the maximal activity of which precedes the insolubilization of the assembled hydroxyproline-rich glycoprotein. The addition of PAs at high concentrations disrupts the normal wall assembly, possibly by forming mono-derivatives.
TGases in chloroplasts and light effects
PAs are present in chloroplasts, where their biosynthesis is controlled by white light and their concentration is correlated to chlorophyll biosynthesis and photosynthetic rate. PAs are thought to affect regulatory mechanisms of the photosynthetic apparatus during photo-adaptation (Navakoudis et al., 2007) ; when added to osmotically stressed or senescent leaves, they preserve from degradation the thylakoid proteins and the large Rubisco subunit (Besford et al., 1993) . A highly active TGase was found widespread in green tissues of higher plants and algae. The covalent linkage of PAs to protein glutamyl residues was shown to occur in Beta vulgaris leaf extracts (Signorini et al., 1991) and in Helianthus isolated chloroplasts (Del Duca et al., 1994) . In Medicago sativa a 39-kDa TGase subunit recognizes the large subunit of Rubisco as a substrate, causing its assembly (Kuehn et al., 1991) .
A peculiar characteristic of chloroplast TGase is that its activity increases after exposure to white light during the assay. After the pioneering paper dealing with the lightstimulated occurrence of 'fixed' PAs in chloroplasts of Brassica pekinensis (Cohen et al., 1982) , Margosiak et al. (1990) reported that PAs were actively incorporated by isolated chloroplasts of Medicago. A TGase-like activity is inducible in non-photosynthetically committed Helianthus explants grown in vitro under light condition and exposed to hormonal conditions that allow the differentiation of chloroplasts. The occurrence of a specific substrate was related to chloroplast differentiation (Del Duca et al., 1993) and identified later as the apoproteins of the chlorophyll a/b antenna complexes (LHCII, CP24, CP26 and CP29) of PSII (Del Duca et al., 1994) . Indeed, PAs might be conjugated via a Ca 2þ -and light-stimulated TGase, as indicated by the identification of glutamyl-derivatives (Del Duca et al., 1995) .
The first (Del Duca et al., 1994) and most frequently immuno-recognized protein in leaf extracts by antibodies raised against different animal TGases was a 58-kDa protein. Also in tuber parenchyma grown in vitro and exposed to light, a 58-kDa SDS -PAGE band immuno-recognized by TGase antibodies is rapidly synthesized and increases under light exposure (Del Duca et al., 2000a) . Its purification proved very difficult and it is still unclear whether it represents an active form of the enzyme. A polyclonal antibody was raised against this 58-kDa form from thylakoids of Helianthus leaf chloroplasts (Dondini, 1998) , which recognized mainly proteins in the granal thylakoids of Zea (Villalobos et al., 2001) .
A TGase activity and bands of different molecular weight immuno-recognized by TGase antibodies were detected both in thylakoid-and stroma-enriched fractions of Helianthus chloroplasts, where the main forms were 58 and 150 kDa, respectively (Fig. 3) ; furthermore, a synergism, markedly affected by light, between the stromal TGase activity and the prevalent thylakoid TGase activity was observed during the TGase assay. One of the main substrates is LHCII in light conditions and after light ! dark transition but not after the opposite transition (Dondini et al., 2003) .
In the chloroplasts of Zea leaves, the TGase activity was also prevalent in thylakoids. When the LHCII was isolated and assayed for conjugation with PAs, spermine (the largest PA) was shown to be the most efficiently conjugated PA. The LHCII fraction also contained a 39-kDa band, which was identified as a calcium-dependent TGase localized closely to or in association with LHCII (Della Mea et al., 2004b) . This suggested a role for this TGase in the photoprotection exerted by PAs against several factors such as UV-B, ozone, etc. as reported in several papers by the Kotzabasis group (Navakoudis et al., 2007) . Thus, the similarities observed in monocots and dicots suggested that an LHCII-associated TGase is widespread.
Chloroplast TGase activity is regulated by the environment
The activity of TGase extracted from chloroplasts, but not those of animal origin, when detected in the test tube, is absolutely light-dependent. When radio-labelled PAs were incubated in the light with either purified thylakoid TGase (Thyl-TGase) or LHCII, mono-and bis-glutamyl-PAs were produced in similar amounts, as usually observed in vivo, while only traces were detectable in the dark (Della Mea et al., 2004b) . The known light-induced conformational change of LHCII causes two specific glutamyl residues to modify their relative distance to a value close to the molecular dimensions of spermine which, by hypothesis, could then form a bis-glutamyl-SM bridge involving these residues, thus exerting a structural role in the stabilization of the complex. Two further LHCII glutamyl residues could be possible PA conjugation sites. However, in vivo they are positioned in a loop facing the granal lumen where the pH is lowered when photosynthesis is active, a condition that would not favour the activity of Thyl-TGase, which has a basic pH optimum (Del Duca et al., 2000b) . The reported presence in LHCII of highaffinity sites for Ca 2þ , involved in membrane stacking occurring during photosynthesis, and of low-affinity sites, could also be relevant for the Ca 2þ -dependent action of Thyl-TGase in vivo.
Other factors, such as phytochrome and hormonal controls, are also involved in the regulation of the TGase activity. In the Zea chloroplasts isolated from meristematic calluses, the biosynthesis and conjugation of PAs show daily changes, possibly owing to an internal rhythm, also affected by external factors; in fact, both were increased during the subjective morning, when the light was on, decreased in the subjective afternoon (still in the light) and increased again during the subjective night; thus they were not strictly light-regulated. The effect was most marked in differentiating calluses, but less evident in growing ones, which were under a different hormonal treatment. Thus, it would appear that a significant role must also be played by the hormonal system that regulates tissue differentiation versus growth (Bernet et al., 1999) .
A diurnal trend of free and bound putrescine and TGase activity was observed in forest plants, e.g. Quercus ilex, with the highest TGase value corresponding to the maximum light intensity (Pintó-Marijuan et al., 2007) .
An additional mode of regulation by light in vivo is related to the availability of some plant TGase substrates: light regulates the expression of the genes for a-and b-tubulin and of several plastidial proteins such as Rubisco, LHCI, LHCII and others. This could occur concomitantly with the maturation of the thylakoids, a process in which TGase seems to participate (Del Duca et al., 1993) , and during the light-induced greening of proplastids of Cucumis sativus endosperm when stimulated by cytokinin (Sobieszczuk-Nowicka et al., 2007) . In cucumber etioplast membranes during their early greening stage, TGase antibodies could detect 30-kDa and 77-kDa bands; at the end of greening, the concentration of the latter dramatically decreased. The addition of kinetin increased spermidine conjugation in the early greening stage, but when chloroplast membranes were fully organized it decreased. PAs conjugated by Thyl-TGase could represent a component of the mechanism of etioplast-to-chloroplast transformation stimulated by kinetin.
TGase activity in algae is affected by light and salt stresses TGase also appears to play a role in adaptation to saline stress. In Dunaliella salina, a green halophilic alga, subjected to abrupt hyper-saline stress under light, chloroplast TGases exhibit an immediate concentration change coincident with variations in enzymic activity; the photosynthetic complexes are severely affected with disappearance of many components on the two-dimensional gel, especially of the active trimeric form of the LHCII, but with the appearance of very high-M r compounds, possibly owing to PA conjugation. Some TGase substrates, similar to those of higher plants (thylakoid photosynthetic complexes and Rubisco), were more intensely produced in the light and to a greater extent in algae acclimated to hyper-saline conditions (Del Duca and Serafini-Fracassini, 2005) .
A Dunaliella PA-deficient variant strain (PA-vs) is characterized by a very low growth capacity and its TGase, chlorophylls and other chloroplast parameters are also deficient, but all recover upon the supply of putrescine. Concomitantly with an upturn in cell growth, chloroplast TGase activity increases 10-fold in the light (three times less in the dark). The PA-vs appears to be even more severely affected by salt stress than the wild-type and its TGase activity increases after stress, being always higher in the light than in the dark, showing an additive stress effect of salt and light. When Dunaliella is acclimated to high salinity, a considerable enhancement in content of chlorophyll a and b overlaps with the increase in TGase activity. This validates the view that in green algae TGase is involved in protection of the photosynthetic apparatus from stress (Del Duca and Serafini-Fracassini, 2005 ).
In the red alga Grateloupia doryphora, a moderate hyposaline shock caused an increase in free PAs, mainly due to a decrease in TGase activity, together with an apparent increase in their biosynthesis. This may account for the benefits in physiological performance during acclimation, since the photosynthetic rate increased in thalli when exposed to free PAs (García-Jiménez et al., 2007) .
Programmed cell death
Developmental cell death (DCD). During the complex, highly regulated senescence of petals controlled by growth factors and hormones, many events occur: nuclear blebbing, DNA laddering, cell wall modification, a decline in protein, water, chlorophyll and other pigment content, and a decrease in membrane integrity (SerafiniFracassini et al., 2002; Rogers, 2006) . It has been observed that spermine delays senescence and DCD in Nicotiana tabacum petals, retards DNA fragmentation and vacuole damage, and prolongs chloroplast viability with visible preservation of chlorophyll content by a molecular mechanism yet to be fully clarified (Serafini-Fracassini et al., 2002) . To assess if these 'juvenility' factors might exert their role in bound form, Della Mea et al. (2007) searched for a Ca 2þ -dependent TGase activity. The contents of bis-PU and of bis-SD were highest during complete differentiation; thereafter they decreased with increasing age of the corolla, when mono-PU, on the contrary, significantly increased. The DCD exhibited an acropetal gradient, which was preceded by a maximum of TGase activity and shifted from the proximal to the distal part of the corolla. Some protein bands were immuno-recognized by three antibodies raised against mammalian, nematode and Arabidopsis TGases. The main immuno-recognized 58-kDa band, also the prevalent form in leaves, decreased during corolla life and was present in the soluble, microsomal, plastidial and cell wall fractions, whereas the peak location of a 38-kDa band, mainly a plastidial form, moved progressively from basal to distal parts of the corolla. TGase activities were detected in (a) the microsomes, where TGase activity is in general higher in the proximal part, peaking at the corolla opening; (b) the soluble fraction, where it is present only in the proximal part at senescence; (c) the plastids, where it shows an increasing trend; (d ) the cell walls, prevailing in the distal part and progressively increasing (Della Mea et al., 2007) . These data suggest a relationship between DCD and TGase; the latter, possibly released into the cell wall via Golgi vesicles (Fig. 3) , could co-operate with cell wall strengthening, especially at the basal abscission zone and possibly during corolla shape change. The plastid TGase, stabilizing the photosystems, could favour the efficiency of photosynthesis and indeed sustain the energy requirements of senescence progression.
In animal systems, the role not only of TGase but also of free PAs in apoptosis is still controversial, depending on age of the cells, PA local concentration, etc.; however, contrarily to animal cells, plant cells can be less affected by excess PA, as plants can buffer this excess by binding PAs to TCA-soluble conjugates, such as cinnamic acids, or by storing them in the vacuole.
Programmed cell death induced by pathogens. PAs play a role also in plant defence against viral pathogens. Plants resisting pathogen attack, carrying the N resistance gene, frequently develop the hypersensitive response, a rapid cell death at the site of pathogen entry, with the effect of restricting pathogen multiplication and spread. Several lines of evidence suggest that hypersensitive response cell death is a form of localized PCD. In tobacco leaves, during the tobacco mosaic virus (TMV)-induced hypersensitive response, titres of free and conjugated PAs increased together with their biosynthetic enzymes. One day after TMV-inoculation of leaves, mono-PU and bis-SD were recovered and further increased in inoculated samples, but not in mock-inoculated ones. The amount of a 72-kDa protein immuno-recognized by AtPng1p polyclonal antibody increased after 3 d in TMV-inoculated leaves and in the lesion-enriched areas. TGase activity increased only in the intrinsic membrane protein fraction, and was more persistent in TMV-inoculated leaves than in the control, supporting the notion of its role in defence A role for TGase in defence against viruses is supported by findings in mammalian cells, where a growing number of viral proteins, as well as cellular proteins with which the latter interact, have been found to be modified by TGase, suggesting a novel function for tTGase in viral pathogenesis (Jeon and Kim, 2006) .
CONCLUSIONS
Plant TGases share several common characteristics with those of animal TGases, despite having a different overall amino acid sequence except for the active site triad. TGases are present in low amount, but their widespread presence in all cell compartments and plant organs studied to date suggests their relevance as transamidating agents. Promising new fields of research appear to be related to relevant aspects of the life cycle, such as differentiation, PCD, fertilization, etc. The other catalytic features of the multifunctional animal TGases are still to be determined in plants.
